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ABSTRACT 

Two c o n f i g u r a t i o n s  of t h e  O r b i t a l  Assembly f o r  AAP 
m i s s i o n s  3 and 4 are p r e s e n t l y  u n d e r  c o n s i d e r a t i o n .  The f i r s t ,  
w i t h  t h e  LM-ATM docked t o  a s i d e  p o r t  o f  t h e  multi-ple d o c k i n g  
a d a p t e r  and  t h e  CSN docked t o  t h e  f 9 r w a - d  p o r t ,  r > e q u i r e s  
minimum RCS p r o p e l l a n t  f o r  c o n t r o l  moment gy ro  momentum uriioad- 
i n g  and  p r o v i d e s  t h e  most advantageous  t h e r m a l  environment  f o r  

t h e  LM-ATM and CSM i n t e r c h a n g e d ,  a l l o w s  t h e  same A i r l o c k  Module 
s o l a r  p a n e l  o r i e n t a t i o n  f o r  t h e  ATM m i s s i o n  and  for a g r a v i t y -  
g r a d i e n t  s t a b i l i z e d  Workshop i n  m i s s i o n s  1 and 2 ,  and i s  
advan tageous  f rom a p a s s i v e  a t t i t u d e  c o n t r o l  s t a n d p o i n t  i f  t h e  
LM-ATM i s  t o  dock b e f o r e  t h e  CSM. T h i s  memorandum p r e s e n t s  an 
a n a l y s i s  of one of t h e  f a c t o r s ,  t h e  CSM RCS r e q u i r e m e n t  f o r  CMG 
momentum un load ing ,  f o r  t h e  two c o n f i g u r a t i o n s ,  LM on t h e  s i d e  
and LM on t h e  end .  

t h e  Workshop. The second  c o n f i g u r a t l o n ,  w i t h  t h e  p o s i t i o n  of  

I f  opposed CSM RCS j e t s  are  f i r e d  as a c o u p l e ,  t h e  
RCS r e q u i r e m e n t s  f o r  56 days  of CMG s t a b i l i z a t i o n  are 320 pounds 
f o r  LM on t h e  s i d e  and 3148 pounds for LR 011 t h e  end.  I n  t h e  
l a t t e r  c a s e ,  a g r e a t e r  n e t  t o r q u e  can  b e  o b t a i n e d  w i t h  t h e  same 
RCS t h r u s t  by f j . r i n g  CSM t r a n s l a t i o n a l  j e t s .  T h i s  i s  due t o  a 
r e l a t i v e l y  l a r g e  moment arm between t h e  t h r u s t e r s  and t h e  
assembly  c e n t e r  of mass. T h i s  method r e d u c e s  t h e  RCS r e q u i r e m e n t s  
f o r  LM on t h e  end t o  1 2 9 2  pounds.  The same scheme i s  n o t  
a p p r o p r i a t e  f o r  t h e  LM on t h e  s i d e  c a s e  because  t h e  s t e a d y  
component o f  g r a v i t y - g r a d i e n t  t o r q u e  a c t s  abou t  t h e  CSM r o l l  
axis ,  and coup led  roll j e t s  must be used  t o  app ly  a c o u n t e r  
t o r q u e .  

The minimum f a c t o r - o f  - f o u r  i n c r e a s e  i n  3CS r e q u i r e m e n t s  
f o r  LM on t h e  end and r e s u l t i n g  i n c r e a s e d  crew involvement  and 
combust ion  p r o d u c t s  l ead  t o  t h e  recommendation t h a t  t h e  LM on 
t h e  s i d e  c o n f i g u r a t i o n  b e  impl3mented.  A i r l o c k  Module s o l a r  
p a n e l s  must be made compa t ib l e  w i t h  t h i s  o r i e n t a t i o n .  E i t h e r  
manual a r t i c u l a t i o n  or' t h e  p a n e l s  or an a t t l t u d e  s u i t a b l e  f o r  
s i d e - l o o k i n g  p a n e l s  must b e  implemented for t 
m i s s  i o n .  
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An i n e r t i a l  a t t i t u d e  o f  t h e  O r b i t a l  Assembly 
(AAP-3/AAP-4) where i t s  a x i s  o f  minimum moment o f  i n e r t i a  
i s  k e p t  i n  t h e  o r b i t a l  p l a n e  min imizes  t h e  R C S  f u e l  r e q u i r e -  
ment f o r  u n l o a d l n g  accumula t ed  a n g u l a r  momentun f rom t h e  
c o n t r o l  moment g y r o s .  T o  m a i n t a i n  t h i s  a t t i t u d e  and a l s o  
p o i n t  a ( r e l a t i v e l y )  f i x e d  ATM a t  t h e  s u n ,  t h e  LM-ATM must 
be docked t o  t h e  s i d e  o f  t h e  m u l t i p l e  d o c k i n g  a d a p t e r  ( M D A ) .  
A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  a t t i t u d e  and t h e  O r b i t a l  
Assembly c o n f i g u r a t i o n  was g i v e n  i n  a p r e v i o u s  r e p o r t . *  

f o r w a r d  p o r t  o f  t h e  MDA, i s  also u n d e r  c o n s i d e r a t i o n .  T h i s  
l o c a t i o n  would a l l o w  t h e  same A i r l o c k  Module s o l a r  p a n e l  
o r i e n t a t i o n  f o r  t h e  ATM m i s s i o n  and f o r  a g r a v i t y - g r a d i e n t  
s t a b i l i z e d  Workshop i n  t h e  AAP-l/AAP-2 m i s s i o n .  However, i n  
t h e  ATM m i s s i o n ,  i t  would r e q u i r e  p o s i t i o n i n g  o f  t h e  roll 
a x i s  o f  t h e  O r b i t a . l  Assembly a l o n g  t h e  s u n  l i n e .  The b i a s  
or s t e a d y  component o f  g r a v i t y - g r a d i e n t  t o r q u e  i s  s u b s t a n t i a l l y  
i n c r e a s e d  i n  t h i s  o r i e n t a t i o n  e x c e p t  i n  t h e  s p e c i a l  c a s e  when 
t h e  i n t e r s e c t i o n  o f  o r b i t a l  and e c l i p t i c  p l a n e s  i s  c o i n c i d e n t  
w i t h  t h e  s u n  l i n e .  T h i s  s t e a d y  t o r q u e  r e s u l t s  i n  b i a s  
momentum a c c u m u l a t i o n  by t h e  CMG's and a c c u m u l a t i o n  t o  maximum 
CMG c a p a c i t y  n e c e s s i t a t e s  u n l o a d i n g  by CSM RCS f i r i n g .  

Ano the r  c o n f i g u r a t i o n , w i t h  t h e  LM docked t o  t h e  

With one p r i n c i p a l  a x i s  i n  t h e  o r b i t a l  p l a n e ,  t h e  
RCS r e q u i r e m e n t  p e r  o r b i t  when f i r i n g  two j e t s  as a c o u p l e  
w i t h  a 1 2 . 8  f o o t  s e p a r a t i o n  i s :  

= 2 . 9 2  x ( IA - IB) s i n  2 8  pounds 'RCS 

*G.  M .  Anderson ,  W .  W. Hough. "Hard-Docked ATM Exper iment  
Car r ie r" ,  Bel lcohm TM-66-1022-1, November 1 8 ,  1966.  
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where (IA - Is) i s  t h -  p o s i t i v e  d f e r e n c e  between t h e  
p r i n c i p a l  moments o f  i n e r t i a  abou t  t h e  o t h e r  two a x e s  
i n  s l u g  f t  * and 8 i s  t h e  a n g l e  between t h e  o r b i t a l  p l a n e  
and  t h e  p r i n c i p a l  a x i s  most c l o s e l y  a l i g n e d  w i t h  t h e  ATM 
o p t i c a l  a x i s .  The i n e r t i a  t e n s o r s  f o r  e a c h  Assembly con- 
f i g u r a t i o n ,  LM on t h e  s i d e  and LM on t h e  end ,  have been  
e v a l u a t e d .  The r e f e r e n c e  a x i s  sys tem i s :  

x = a x i s  p a r a l l e l  t o  Workshop c e n t e r l i n e  

y = a x i s  p a r a l l e l  t c  M&SS and s ide-docked  v e h i c l e  
c e n t e r l i n e  

z = a x i s  p e r p e n d i c u l a r  t o  Workshop and s ide-docked  
v e h i c l e  c e n t e r l i n e s .  

F o r  a t o t a l  Assembly mass of  3155 s l u g s ,  t h e  
* 

i n e r t i a  t e n s o r ,  

I X X  - I XY - I x z  r 
i s :  

A .  LM on t h e  S i d e  

*The t o t a l  Assembly  mass i s  t h e  sum o f  t h e  f o l l o w i n g  e s t i m a t e d  
masses: 

CSM, i n c l u d i n g  r e s u p p l y  p r o v i s i o n s  - 9140 s l u g s  (30250 pounds)  
LM-ATM - 544 s l u g s  ( 1 7 5 0 0  pounds)  
M&SS Payload Podule  - 187 slug-s ( 6000 Dounds) 
A i r l o c k  Module, i n c l u d i n g  s o l a r  p a n e l s  - 392 s l u g s  ( 1 2 6 0 0  nounds)  
S- IVB Workshop, IU, & SLA -1016 s l u g s  ( 3 2 7 0 0  pounds)  
M u l t i p l e  Docking Adapter  - 76  s l u g s  ( 2450 pounds)  
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B.  LM on t h e  End - 

2 0 x 1 ~ 3  slug f t  

2 8 4 0 . 3 5  O 1  

5 3 7  72 2 5 3 . 7 8  

2 5 3 . 7 8  2462 .99  

0 0 r - 

- I - 
XY 

D i a g o n a l i z a t i o n  y i e l d s  p r i n c i p a l  i n e r t i a  t e n s o r s :  

I . .  * L M  92 t h e  S i d e  

2 f t  

B .  LM on t h e  End 

I 
P 

2 0 x 1 ~ 3  slug f t  
O - I  

5 0 4 . 8 3  0 

0 2495 .88  

0 0 2 8 4 0 . 3 5  i - 
F o r  LM on t h e  s i d e ,  t h e  p r i n c i p a l  a x i s  o f  minimum 

moment o f  i n e r t i a  i s  p o s i t i o n e d  i n  t h e  o r b i t a l  p l a n e  and 
(IA - IB) i s  2 0 2 . 0 1  x l o 3  s l u g  f t  ’. For LM on t h e  e n d ,  
e i t h e r  t h e  a x i s  o f  i n t e r m e d i a t e  or maximum moment o f  i n e r t i a  
may be  p o s i t i o n e d  i n  t h e  o r b i t a l  p l a n e ,  w i t h  t h e  l a t t e r  
r e s u l t i n g  i n  t h e  smallest  r e q u i r e m e n t  f o r  R C S  f u e l .  
i n  t h i s  c a s e  i s  1 9 9 1 . 0 5  x l o 3  s l u g  f t 2 .  
for t h e  two c o n f i g u r a t i o n s  have  e x a c t l y  t h e  same r a t i o s  as 
t h e s e  i n e r t i a  d i f f e r e n c e s .  I n  o t h e r  words,  LM on t h e  end 

(IA - IB) 
R C S  f u e l  r e q u i r e m e n t s  
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1991.05 = 9.86  t i m e s  as much f u e l  f o r  CMG momentum r e q u i r e s  202.01 
u n l o a d i n g  as does  LM on t h e  s i d e  i f  t h e  j e t s  are  firec! as a 
c o u p l e .  The t o t a l  RCS requ i r emen t  f o r  t h i s  t ask  o v e r  850 
o r b i t s  ( a p p r o x i m a t e l y  56 days ) ,  where s i n  2 8  v a r i e s  between 
0 and 1, a r e  320 pounds f o r  LM on t h e  s i d e  and 3148 pounds 
for LM on t h e  end .  

The f u e l  r e q u i r e m e n t s  f o r  t h e  LM on t h e  end c a s e  
can  be  r educed  by f i r i n g  CSM t r a n s l a t i o n a l  j e t s  i f  a se t  of  
these  i s  o r i e n t a t e d  p e r p e n d i c u l a r  t o  t h e  p r i n c i p a l  a x i s  t h a t  
i s  k e p t  i n  t h e  o r b i t a l  p l a n e .  The l i n e  of  a c t i o n  o f  
t r a n s l a t i o n a l  J e t s  o r i e n t a t e d  i n  t h i s  f a s h i o n  i s  1 5 . 6  f e e t  

same t o r q u e  w i t h  

t h e  e q u i v a l e n t  moment arm of  t h e  two coup led  j e t s . )  Minimum 
t o t a l  f u e l  r e q u i r e m e n t s  f o r  LM on t h e  end a r e  t h e r e f o r e  
.41- x 3148 = 1 2 9 2  pounds.  T r a n s l a t i o n a l  j e t s  canno t  b e  u sed  
t o  advan tage  i n  t h e  LM on t h e  s i d e  c a s e  because  t h e  s t e a d y  
component of  g r a v i t y - g r a d i e n t  t o r q u e  a c t s  abou t  t h e  i n - p l a n e  
Assembly a x i s  which i s  approx ima te ly  c o i n c i d e n t  w i t h  t h e  CSM 
roll a x i s .  Only CSM roll j e t s ,  which a r e  coup led ,  can  be used  
to a p p l y  a c o u n t e r  t o r q u e .  However, e v e n  w i t h  t h e  b e s t  p o s s i b l e  
c i r c u m s t a n c e s  f o r  t h e  LM on t h e  end c o n f i g u r a t i o n  ( a x i s  of  
maximum moment of i n e r t i a  h e l d  i n  t h e  G r b i t a l  p l a n e  and a s e t  
o f  CSM t r a n s l a t i o n a l  j e t s  a l i g n e d  p e r p e n d i c u l a r  t o  t h a t  a x i s ) ,  
t h f s  c a s e  r e q u i r e s  o v e r  f o u r  t imes  t h e  RCS p r o p e l l a n t  t h a n  t h e  

rnl,,.. onr\i.r +h,- n - ^ - -  ..--c-- 
I L ' U I 1 1  r l l C  L C I l b C l  zlf inass G f  t h e  Assemb:y. I l l c y  bal l  u p p l y  U * l L  

= . 4 1  t i m e s  as much f u e l .  ( 6 . 4  fee t  i s  6 . 4  
15.6 

LM on t h e  s i d e  c o n f i g u r a t i o n .  / 

The c a s e  o f  LM on t h e  s i d e  p r e s e n t s  RCS r e q u i r e m e n t s  
t h a t ,  when combined w i t h  t h e  o t h e r  r e q u i r e m e n t s  on t h e  AAP-3 
CSM sys t em,  a r e  i n  l i n e  w i t h  t h e  enhanced 2400 pound c a p a c i t y .  
LM on t h e  end,  however, needs  o v e r  h a l f  o f  t h e  p r o p e l l a n t  
q u a n t i t y  f o r  CMG u n l o a d i n g .  CMG momentum must b e  un loaded  
much more f r e q u e n t l y ,  which i n c r e a s e s  'crew involvement  f o r  
manual RCS o p e r a t i o n .  Any a d v e r s e  e f f e c t s  on t h e  ATM e x p e r i -  
ments  caused  b y  p r o d u c t s  o f  RCS combust ion a re  s u b s t a n t i a l l y  
i n c r e a s e d .  These c o n s i d e r a t i o n s  lead t o  t h e  recommendation 
t h a t  t h e  ATM m i s s i o n  b e  per formed w i t h  t h e  LM-ATM docked t o  
t h e  s i d e  of  t h e  MDA. A i r l o c k  Module s o l a r  p a n e l s  must b e  
c o m p a t i b l e  w i t h  t h i s  o r i e n t a t i o n  and w i l l  t h e r e f o r e  have t o  
b e  equ ipped  w i t h  a manual a r t i c u l a t i o n  mechanism i f  t h e  f i r s t  
Workshop m i s s i o n  i s  f lown i n  a g r a v i t y - g r a d i e n t  s t a b i l i z e d  
a t t i t u d e ,  or t h e  f i r s t  m i s s i o n  must b e  f lown i n  an a t t i t u d e  
c o m p a t i b l e  w i t h  f i x e d  s i d e - l o o k i n g  p a n e l s .  
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